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quantiﬁcation of knee joint biomechanics as well as early detection of
cartilage matrix degeneration.
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QUANTITATIVE IMAGING OF MURINE OSTEOARTHRITIC CARTILAGE
BY PHASE CONTRAST MICRO-COMPUTED TOMOGRAPHY
M.Z. Ruan, B. Dawson, M.-M. Jiang, F. Gannon, M. Heggeness, B.
Lee. Baylor Coll. of Med., Houston, TX, USA
Purpose: Mouse is an optimal model organism in which gene-envi-
ronment interactions can be studied for the pathogenesis of osteoar-
thritis. The gold standard in arthritis research in mice is based on
histopathology and immunohistochemistry, which are labor intensive,
prone to sampling bias and technical variability, and limited in
throughput. This study aims to develop a new technique that assesses
mouse cartilage by integrating quantitative volumetric imaging
techniques.
Methods: A novel mouse model of osteoarthritis was generated by
cruciate ligament transection (CLT) and evaluated by histopathology
and immunohistochemistry. Knee joint samples were then imaged by
a novel technique that combines high resolution mCT and phase-
contrast optics followed by quantitative analyses. A comparative anal-
ysis was also performed on a previously established mouse model of
osteoarthritis generated by destabilization of medial meniscus (DMM).
Results: Phase contrast mCT achieved cellular resolution of chon-
drocytes and quantitative assessment of parameters such as articular
cartilage volume and surface area. In mouse models of OA generated by
either CLT or DMM, we showed that phase contrast mCT distinguished
control and OA cartilage by providing quantitative measures with high
reproducibility and minimal variability. Features of OA at the cellular or
tissue levels could also be observed in images generated by phase
contrast mCT.
Conclusions: We established an imaging technology that comprehen-
sively assessed and quantiﬁed the 2 and 3 dimensional changes of
articular cartilage. Application of this technology will facilitate the rapid
and high throughput assessment of genetic and therapeutic models of
OA in mice.Ă
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HIGH RESOLUTION T1r MAPPING OF HUMAN KNEE CARTILAGE AT
7T
A. Singh, M. Haris, K. Cai, F. Kogan, B. Hendler, R.P. Nanga, W.R.
Witschey, A. Borthakur, H. Hariharan, R. Reddy. Univ. of Pennsylvania,
Philadelphia, PA, USA
Purpose: Purpose of the current study was to demonstrate the feasi-
bility of a high-resolution (0.2 mm2) spin lattice relaxation time in
rotating frame (T1r) map of in vivo human knee cartilage. Currently,
T1rmapping of cartilage is performed on routine clinical MRI scanners
(1.5 and 3T) and being used to explore early molecular changes asso-
ciated with Osteoarthritis (OA). Since cartilage is a thin tissue with
a thickness of 1-6 mm, a high resolution MRI is always desirable for
better characterization of cartilage molecular integrity. However, reso-
lution of low-ﬁeld T1r maps is limited mainly due to signal-to-noise-
ratio (SNR) issue. At clinical scanners, routine T1r mapping is per-
formed with in plane resolution of w0.6 mm2. Since there is an ex-
pected increase in SNR of >2 times from 3T to 7T, this increase in SNR
can be used for obtaining higher resolution T1r mapping.
Methods: Following informed consent, four healthy volunteers (25-33
Y) underwent T1r MRI of knee at a high ﬁeld whole body 7T scanner
using a 28-channel-receiver knee coil (Quality Electrodynamics, May-
ﬁeld Village, OH). T1r pulse sequence consists of three parts, a B1 and
B0 compensated T1r prepared pulse cluster followed by a chemical shift
selective fat saturation pulse and a segmented radiofrequency spoiled
GRE readout acquisition with centric phase encoding order.
T1r imaging was performed with a spin lock pulse amplitude B1sl ¼
500 Hz and spin lock times (TSLs)¼0,10, 20, 30, 40ms, 3D-ﬂash readout
TR/TE ¼9.7/4.9 ms, ﬂip angle ¼10o, FOV¼140140 mm2, matrix size
¼448448, slice thickness ¼3 mm, number of slices ¼ 12, number of
averages ¼ 1, number of shots ¼2 and a shot TR of 5s. Phase encoding
directionwas from R->L with resolution of 50%. Scan time for one set of
T1r data (slices ¼12 and TSLs ¼5) was 10 minutes. Two sets of T1r data
were acquired, one in axial orientation for patella/trochlear cartilage
and other in coronal orientation for femur/tibia cartilage. For mini-
mizing ﬁeld inhomogeneity on cartilage, reference frequency and
voltage were set corresponding to a small shim volume covering
cartilage tissue of interest. Similarly, we acquired T1r data for the same
volunteers and with the same sequence parameters in a 3T clinical
scanner using 8-channel-receive knee coil. The T1r-weighted (T1r-W)
data corresponding to different TSLs were ﬁtted voxel-wise to mono-
exponential decay expression S(TSL) ¼ S(0)exp(-TSL/T1r) for
computing T1r values.
Results: T1r signal decays mono-exponentially with increase in TSL.
T1r values at 7T, as expected, were lower (w20%) compared to those at
3T. Despite the changes in T1 and T2 of cartilage at 7T, SNR of T1r-W
images obtained at 7T was w2 times higher compared to at 3T. High
